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(54) CONTROL DEVICE OF POWER TRAIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To start normal injection ignition control 
immediately by operating a motor generator on the basis of a detected 
absolute crank angle when an internal combustion engine is stopped, and 
thereby, stopping the crank shaft within the absolute crank angle restricted 
detection of the absolute crank angle. 

SOLUTION: It is judged whether an ignition switch is turned off or not 
(S102), it is judged whether control by a motor generator is carried out in 
the case of ofF or not (S104), and injection and ignition control of fuel is 
stopped when brake control is not carried out yet (S106). It is judged 
whether an engine rotational speed attains a prescribed low rotational 
speed or not (S108), it is judged it is in the restricting timing of brake 
control start for stopping the crank shaft within an absolute crank angle 
which is restricted beforehand in the case where the rotational speed is 
reduced to a prescribed rotational speed level (S1 10), brake control by the 
motor generator is started in case of a restricting timing (S1 12), and stop 
of the internal combustion engine is completed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A control unit of a power train equipped with a motor generator which is connected with an internal 
combustion engine's crankshaft, and drives or brakes this internal combustion engine characterized by providing the 
following A control means which performs motion control of said motor generator It is the halt control means of the 
specification prescribed that said control means can detect whenever [ crank angle ] absolutely further at said internal 
combustion engine's early stage after starting by making said motor generator operate based on whenever [ absolute 
crank angle / which is detected by said detection means ] at the time of a halt of said internal combustion engine by 
having a detection means of said crankshaft to detect whenever [ crank angle ] absolutely which stops said crankshaft 
within the limits of whenever [ crank angle ] absolutely. 

[Claim 2] Said halt control means is the control unit of a power train according to claim 1 which is said specific thing 
absolutely stopped within the limits of whenever [ crank angle ] about this crankshaft by making said motor generator 
operate to predetermined timing specified beforehand, and giving damping torque to said crankshaft. 
[Claim 3] Said halt control means is the control unit of a power train according to claim 1 which is said specific thing 
absolutely stopped within the limits of whenever [ crank angle ] about this crankshaft by making said motor generator 
operate and giving driving torque to said crankshaft, when [ of said crankshaft ] whenever [ crank angle ] has said 
specification out of range [ whenever / crank angle ] absolutely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the control unit of the power train equipped 

with the motor generator which drives or brakes an internal combustion engine. 

[0002] 

[Description of the Prior Art] The power train which made the motor generator intervene between an internal 
combustion engine and transmission is proposed (JP,2-41689,A). A rotor is directly linked with an internal combustion 
engine's crankshaft, and this motor generator has the composition of having arranged the stator on that periphery, and 
functions as a generator which takes out the rotational energy of a rotor as power as a motor which gives positive torque 
to a crankshaft. And he operates a motor generator as a motor and is trying to start an internal combustion engine in this 
power train. 

[0003] By the way, although an internal combustion engine starts by making it face to put an internal combustion engine 
into operation, and performing ignition by the fuel injection and the ignition plug from a fuel injection valve in an 
internal combustion engine, it is necessary to judge an injection gas column and an ignition gas column for that purpose. 
For this reason, in order to judge an injection gas column and an ignition gas column, the gas column distinction sensor 
is prepared for the internal combustion engine, and based on the criteria crank angle signal acquired from this gas 
column distinction sensor, he judges a crank angle absolutely, and is trying to distinguish an injection gas column and 
an ignition gas column. That is, whenever [ crank angle ] can be absolutely recognized for the first time by a criteria 
crank angle signal being detected, and injection and ignition control are made based on whenever [ this absolute crank 
angle ]. 

[0004] However, if an ignition switch is turned off and an internal combustion engine is stopped, it is unfixed by 
whenever [ absolute crank angle / what kind of] finally an internal combustion engine stops. Therefore, in case an 
internal combustion engine was put into operation next, it was impossible to be unable to recognize a crank angle by any 
means until the criteria crank angle signal from a gas column distinction sensor is outputted, but to have carried out 
injection control and ignition control in the meantime. 

[0005] For this reason, although the little fuel by the **** leakage of an injector was inhaled immediately after starting 
in the combustion chamber, since injection and ignition control were not able to be carried out, a result by which this 
gas is discharged as a unburnt gas was brought, and it had also become the cause of it not only causing aggravation of 
exhaust air emission, but worsening an internal combustion engine's startability. 

[0006] Then, this invention is using a motor generator, makes injection and ignition control start at an early stage 
conventionally at the time of starting, and aims at raising the startability of exhaust air emission or an internal 
combustion engine. 
[0007] 

[Means for Solving the Problem] Then, a control unit of a power train concerning claim 1 A control means which is the 
control unit of a power train equipped with a motor generator which is connected with an internal combustion engine's 
crankshaft, and drives or brakes this internal combustion engine, and performs motion control of a motor generator, It 
has a detection means of a crankshaft to detect whenever [ crank angle ] absolutely. This control means Furthermore, by 
making a motor generator operate based on whenever [ absolute crank angle / which is detected by detection means ] at 
the time of a halt of an internal combustion engine It is characterized by having a halt control means of the specification 
absolutely prescribed that whenever [ crank angle ] is detectable to an internal combustion engine's early stage after 
starting which stops a crankshaft within the limits of whenever [ crank angle ] absolutely. 

[0008] As mentioned above, since a motor generator can give a drive and damping torque to a crankshaft, it stops a 
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crankshaft within the limits of whenever [ specific absolute crank angle ] by performing a drive or braking control of a 
motor generator by halt control means. 

[0009] Moreover, by making a motor generator operate to predetermined timing specified beforehand, and giving 
damping torque to a crankshaft, a halt control means of claim 1 consists of control units of a power train concerning 
claim 2 so that this crankshaft may be stopped within the limits of whenever [ specific absolute crank angle ]. 
[0010] Moreover, by making a motor generator operate and giving driving torque to a crankshaft, when [ of a 
crankshaft ] whenever [ crank angle ] has specification out of range [ whenever / crank angle ] absolutely, a halt control 
means of claim 1 consists of control units of a power train concerning claim 3 so that this crankshaft may be stopped 
within the limits of whenever [ specific absolute crank angle ]. 

[001 1] In addition, when "specification is whenever [ crank angle ] absolutely" starts an internal combustion engine, it 
means whenever [ absolute crank angle / which was absolutely prescribed that whenever / crank angle / is detectable 
immediately with a detection means ]. for example, a gas column distinction sensor - electromagnetism - in being a 
pickup-type sensor, in order to acquire a criteria crank angle signal certainly, an indicated block which projects from a 
cam shaft needs to cross this sensor above a predetermined speed, therefore, an accelerating sake -- the minimum - it is 
necessary to make a hand-of-cut near side of a sensor which corresponds by required angle suspend an indicated block, 
and this angle becomes "specification is whenever [ crank angle ] absolutely." 

[0012] Moreover, although a motor generator is made to operate in JP,2-41689,A mentioned above at the time of a halt 
of an internal combustion engine, this carries out motion control of the motor generator, and does not indicate technical 
thought of making it stop within the limits of "specification being whenever [ crank angle ] absolutely" like invention 
concerning each claim mentioned above so that it may become the angle from which Rota serves as criteria to a stator. 
[0013] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, it explains about the operation 
gestalt of this invention. 

[0014] The whole control unit configuration of the power train which starts this operation gestalt at drawing 1 is shown 
roughly. This power train carries the motor generator 80 between an internal combustion engine 200 and transmission 
81, and the rotor of a motor generator 80 was directly linked with an internal combustion engines 200 crankshaft, has 
arranged the stator on that periphery, and functions as an induction motor/a generator. Moreover, rotation of this rotor is 
transmitted to a propeller shaft 82 through transmission 81 . 

[0015] The inverter 61 which performs the power capacitor 62 and frequency conversion used as the high-pressure DC 
power supply for a drive is connected to this motor generator 80. In case a motor generator 80 operates as a motor, 
driving torque is given to a crankshaft under the torque control by the inverter 61 by making into the source of power 
power stored in the power capacitor 62, and it functions as assisting a with an internal combustion engine's torque. 
Moreover, in case it operates as a generator, while functioning as giving damping torque to an internal combustion 
engine, the generated power is stored in the power capacitor 62. 

[0016] In addition, output of this motor generator 80 or control of recovery torque is carried out in integration 
(Electronic Control Unit) ECU 100 with the fuel-injection control and ignition timing control to an internal combustion 
engine. 

[0017] The electronic control unit 40 in integration ECU 100 which mainly performs fuel-injection control and ignition 
timing control to drawin g 2 with an internal combustion engine's 200 important section is shown, the inside of drawing, 
and a reference mark 1 - in the cylinder head and 4, a combustion chamber and 5 show an inlet manifold and, as for an 
internal combustion engine's cylinder block and 2, 6 shows [ a piston and 3 ] an exhaust manifold, respectively. An inlet 
manifold 5 is connected to an air cleaner 10 through a surge tank 7, an air intake duct 8, and an air flow meter 9. In the 
air intake duct 8, a throttle valve 1 1 is arranged, and it is arranged by the inlet manifold 5 so that a fuel injection valve 
12 may inject a fuel towards a suction port 13. An exhaust pipe 14 is connected to an exhaust manifold 6, and the three 
way catalytic converter 15 which purifies three components of HC, CO, and NOX to coincidence is arranged while 
being this exhaust pipe 14. 

[0018] The electronic control unit 40 consisted of a digital computer, and is equipped with ROM42, RAM43, 
B.RAM43a, CPU44, the input port 45, and the output port 46 which were mutually connected by the bidirectional bus 
41. B. RAM43a is Backup RAM, and even if the supply voltage from a dc-battery is lost, it is prepared in order to 
continue holding the memorized data. 

[0019] Next, the input section of two or more detectors and an electronic control unit 40 which detects an engine's 
condition is explained. In the engine water jacket of a cylinder block 1, the coolant temperature sensor 30 which detects 
cooling water temperature is formed, and this output signal is inputted into input port 45 through A/D converter 47. An 
air flow meter 9 generates the output voltage proportional to an inhalation air content, and this output voltage is inputted 
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into input port 45 through A/D converter 48. The air-fuel ratio sensor 31 arranged in the exhaust manifold 6 detects the 
oxygen density under exhaust air, and this output signal is inputted into input port 45 through A/D converter 49. 
[0020] Moreover, an internal combustion engine's rotational speed and in order to detect a crank location absolutely, the 
NE sensor 34 was formed to the crankshaft 33, Gl sensor 36 andG2 sensor 37 is formed in the both sides centering on 
the cam shaft 35, and the detecting signal of each sensor is given to input port 45 so that it may expand to drawing 3 and 
may be shown, any sensor — electromagnetism - it is the sensor of a pickup mold and a pulse signal is outputted 
because indicated blocks 33a and 35a cross each sensor. In addition, the rotation relation between a crankshaft 33 and a 
cam shaft 35 serves as a device which a cam shaft 35 rotates one time to two rotations of a crankshaft 33. 
[0021] When Gl sensor 36 and G2 sensor 37 are used as a gas column distinction sensor and detect the top dead center 
TDC in the pressing operation of a specific gas column, they output a pulse signal. With this operation gestalt, the 
internal combustion engine of a 4-cylinder shall be explained to an example, Gl sensor 36 is used for detection of the . 
top dead center TDC in a cylinder [ 4th ] pressing operation, and G2 sensor 37 is used for detection of the top dead 
center TDC in a cylinder [ 1st ] pressing operation. Moreover, from the NE sensor 34, whenever a crankshaft 33 carries 
out 30-degree (it is hereafter described as 30-degreeCA) rotation, one pulse signal is outputted, and these pulse signals 
are inputted into input port 45. 

[0022] And whenever [ crank angle ] is absolutely detected as follows based on the detection result of these NE(s) 
sensor 34, Gl sensor 36, and G2 sensor 37. As mentioned above, since one pulse is outputted whenever it carries out 30- 
degreeCA rotation, the NE sensor 34 is counted value CRANK of the absolute crank counter in drawing 5 which has 
counted this pulse number in integration ECU 100, and mentions this later. Since it is the device which a cam shaft 35 
rotates one time to two rotations of a crankshaft 33, a cam shaft 35 rotates one time at 24 counts, this relation - "0" of 
counted value (CRANK), "1", and "2" ... "23", "0", and "1" -- it corresponds to .. With this operation gestalt, if the pulse 
output of the NE sensor 34 is detected just behind the pulse signal (criteria crank angle signal) from Gl sensor 36 If 
"12" is set as counted value of the absolute crank counter in this case and the pulse output of the NE sensor 34 is 
detected just behind the pulse signal (criteria crank angle signal) from G2 sensor 37 "0" is set as a KAUNTATO value 
of the absolute crank counter in this case (refer to drawing 5 ). Thus, based on the criteria crank angle signal outputted 
from Gl sensor 36 as a gas column distinction sensor, and G2 sensor 37, it is the device which can detect whenever 
[ crank angle ] absolutely. 

[0023] In addition, in this embodiment, the top dead center TDC (#1TDC) and counted value "6" in the pressing 
operation whose top dead center TDC (#2TDC) and counted value "0" in the pressing operation whose top dead center 
TDC (#4TDC) and counted value "18" in the pressing operation whose counted value "12" is the 4th cylinder are the 
2nd cylinder are the 1st cylinder correspond to the top dead center TDC (#3TDC) in the pressing operation which is the 
3rd cylinder, respectively. 

[0024] Moreover, the output section of an electronic control unit 40 is equipped with the drive circuits 50 and 51 
connected to the output port 46, and fuel-injection control is performed by carrying out the closing motion drive of the 
fuel injection valve 12 by one drive circuit 50. Moreover, in CPU44, ignition timing control which judges the optimal 
ignition timing suitable for an engine's operational status is performed based on the signal given to input port 45 from 
each sensor, from the drive circuit 51 of another side, it is the optimal timing judged here and an ignition signal is given 
in order to the ignition plug 32 of each gas column. 

[0025] Here, the case where the control unit of the power train concerning this operation gestalt is applied to the internal 
combustion engine of a 4-cylinder is explained to an example based on the flow chart of drawing 4 , and the logic 
diagram of drawing 5 . In addition, the routine of this drawing 4 is performed with the period in every 0.1 seconds. 
[0026] the time of halt control of the internal combustion engine which explains below starting an internal combustion 
engine next - the starting back it is always the specific thing which is absolutely stopped within the limits of 
whenever [ crank angle ] and to perform for accumulating about a crankshaft 33 so that Gl sensor 36 or G2 sensor 37 
can perform gas column distinction at an early stage as much as possible. By Gl sensor 36 or G2 sensor 37, in order to 
detect correctly indicated block 35a of a cam shaft 35 immediately after starting, specifically, this indicated block 35a 
needs to cross one of the sensors 36 and 37 above a fixed speed, then, a this accelerating sake — the minimum — control 
which makes the hand-of-cut near side of the sensor which corresponds by the required angle stop indicated block 35a is 
performed. With this operation gestalt, a crankshaft 33 shall be stopped so that the counted value of a crank angle 
counter may be absolutely set to 21 <=CRANK<=22 or 9 <=CRANK<=10 as an example. 

[0027] First, it is judged whether whether halt actuation of an internal combustion engine having been performed and an 
ignition switch were turned off (S102). When an ignition switch is OFF, it is judged whether "YES"), next brake control 
by the motor generator 80 are performed by (SI 02 (SI 04). In this phase, since brake control is not performed yet (it is 
"NO" at SI 04), injection control of a fuel and ignition control are suspended immediately (SI 06). Although an internal 
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combustion engine continues rotation from habit even after injection control and ignition control are suspended, the 
rotational frequency decreases gradually by friction ((**) of drawing 5 ). And it is judged whether the engine rotational 
frequency became predetermined low rotation (here less than 100 rpm) (SI 08), and this routine is ended when the 
engine rotational frequency is not falling to lOOrpm (being SI 08 "NO"). 

[0028] Henceforth, although repeat activation of this processing is carried out, in "YES") and SI 10, the following 
decision is made by (SI 08 in the phase in which an internal combustion engine's engine rotational frequency fell further, 
and became less than 100 rpm. That is, the timing of brake control initiation which a crankshaft 33 suspends within the 
limits of whenever [ absolute crank angle / which was mentioned above ] is specified beforehand, and #2TDC and 
#3TDC are set up as this timing with this operation gestalt. These #2TDC(s) and #3TDC support the counted value "18" 
of a crank counter, and "6" absolutely, respectively, and it is judged based on this counted value in SI 10 whether they 
are #2TDC or #3TDC. When #2TDC or #3TDC is not detected in this routine, it ends and this routine is again judged in 
the following cycle. And this decision processing is repeated until #2TDC or #3TDC is detected. 
[0029] Supposing #2TDC is detected as shown in drawin g 5 for example, (it is "YES" at SI 10), after detection of 
#2TDC, the brake control by the motor generator 80 will be started immediately (SI 12), and the flag (FSTOP=l) which 
shows under brake control activation will be set (SI 14). It is the control which a motor generator 80 is operated with 
having mentioned this brake control above as a generator, and gives damping torque to a crankshaft 33. Thereby, engine 
rotation of an internal combustion engine falls quickly ((**) of drawing 5 ). 

[0030] In the following cycle, a flag (FSTOP=l) is judged in S104 (it is "YES" at S104), and it is judged whether a halt 
of an internal combustion engine was completed (SI 16). This decision judges whether the pulse signal from the NE 
sensor 34 is outputted between predetermined time intervals, for example, 200msec(s). When a pulse signal is outputted 
in the meantime, it judges that the halt of an internal combustion engine is not completed (it is "NO" at SI 16), and this 
routine is ended. 

[003 1 ] And when the same judgment is made in the following cycle and the pulse signal from the NE sensor 34 is not 
detected between 200msec(s), it is judged as what a halt of an internal combustion engine completed (being SI 16 
"YES"). 

[0032] Usually, although the thing of the specification which mentioned the crankshaft 33 above by a series of control 
containing SI 08, SI 10, and SI 12 which were mentioned above made to stop within the limits of whenever [ crank 
angle ] absolutely is possible, in order to carry out this halt control more certainly, the following processings are carried 
out further. 

[0033] First, it judges whether it is within the limits of [ which is whenever / crank angle / absolutely ] the specification 
which the crankshaft 33 mentioned above based on the counted value at the time of a halt (SI 18). When the counted 
value at the time of a halt exists in one of within the limits, it is not necessary to carry out "YES") and the following halt 
position controls by (SI 18, and this routine is ended as it is. 

[0034] On the other hand, as shown in drawing 5 , counted value is a value out of range corresponded and specified in 
any range which was being planned as a halt location, when a crankshaft 33 stops in the location of "20" (being SI 18 
"NO"). In this case, using a motor generator 80 as a motor, it is made to turn on for 0. 1 5 seconds and driving torque is 
given in instant to a crankshaft 33 (S120). Then, in the following cycle, the same judgment is made in SI 18, and if it is 
the value out of range which counted value specified, the above-mentioned SI 20 will be processed again. And SI 18 is 
judged in the following cycle. Repeat operation of this cycle is carried out, it is the phase where the counted value of a 
crank angle counter became within the limits of 21 <=CRANK<=22 absolutely in this case, and the halt position control 
of this crankshaft 33 is ended. 

[0035] Shortly after within the limits [ it is such ] stops a crankshaft 33 by whenever [ crank angle ] absolutely, when 
starting an internal combustion engine next, as shown to "NO") and drawing 5 in (SI 02, the detecting signal of the 
beginning from G2 sensor is obtained after starting (being S200 "YES"). For this reason, with the criteria crank angle 
signal outputted from G2 sensor 37, absolutely, CRANK is calculated immediately (S202) and can start fuel-injection 
control and ignition timing control at an early stage whenever [ crank angle ] (S204). It becomes possible to perform 
injection and ignition control immediately after starting by carrying out halt position control of a crank angle absolutely 
in this way, although the situation which gas column distinction does not end if a halt location is unfixed like this point 
and before and a crankshaft 33 does not carry out 360-degreeCA rotation after starting when the worst is also produced 
(it is "NO" at S200). 

[0036] Although the operation gestalt explained above showed the example equipped with the both sides of a series of 
halt position controls in SI 08, SI 10, and SI 12, and a series of halt position controls in SI 16, SI 1 8, and SI 20, it is also 
good not to necessarily have both halt position controls and to prepare one of halt position controls. 
[0037] Moreover, in SI 18 and SI 20, although the operation gestalt mentioned above showed the example of control 
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when gas column distinction is performed by Gl sensor 36 just before brake actuation, when gas column distinction is 
performed by G2 sensor 37 just before brake actuation, halt control will be performed so that the counted value of a 
crank angle counter may serve as the range of 9 <=CRANK<=10 absolutely. In this case, at the time of the next starting, 
a criteria crank angle signal is immediately acquired from Gl sensor 36. 

[0038] Furthermore, although the case where a motor generator was made to turn on for 0.15 seconds was illustrated at 
the time of halt control of a crankshaft 33, it cannot limit to this example and the magnitude of the torque to add, time 
amount, or a direction can be set up suitably. 

[0039] Furthermore, what is necessary is not to limit to this range and just to set up suitably the counted value 
(absolutely whenever [ crank angle ]) from which a criteria crank angle signal is acquired earliest and certainly after 
starting according to each engine, although the counted value of a crank angle counter illustrated as 21 <=CRANK<=22 
or 9 <=CRANK<=10 absolutely with this operation gestalt. Furthermore, although the example which applied the 
control unit of the power train concerning this invention was explained to the internal combustion engine of a 4- 
cylinder, of course, it is applicable also to internal combustion engines, such as 6-cylinder and 8 etc. cylinders. 
[0040] 

[Effect of the Invention] Since according to the control unit of the power train concerning this invention the motor 
generator was made to operate, it had the specific halt control means absolutely stopped within the limits of whenever 
[ crank angle ] and the crankshaft was constituted, as explained above, when it becomes possible to make the location 
which can perform gas column distinction immediately always suspend a crankshaft after an internal combustion 
engine's starting and then an internal combustion engine is started, normal injection and ignition control can be started 
immediately. Consequently, while the fuel by injector **** leakage can reduce the amount discharged as a unburnt gas 
and controls aggravation of exhaust air emission by this, it becomes possible to control aggravation of startability. 
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